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IN THE MATTER OF 

US Patent Application No. 09/380,327 

by ROBERTSON et al. 



Declaration under U,S.C.§ Rule 132 

SECOND STATUTORY DECLARATION 

I, David Alexander Clark of 444 Smith Ave., Burlington in the Province of Ontario, Canada, do 
solemnly and sincerely declare as follows: 

L Lam the same David Alexander Clark who made a statutory declaration dated 

16 December 2002 in respect of this matter. 

2lz Lhave been provided with copies of the following documents: 

Abstract by Tremellen K.P. and Robertson S.A. entitled "Potential role for 
transforming growth factor beta in modulating the maternal immune response during 
early murine pregnancy" published by The Australian Society for Medical Research 
on 24-27 November 1996; and 

Abstract by Tremellen K.P, and Robertson S.A. entitled "Isolation of seminal vesicle 
proteins responsible for the initiation of the post-mating inflammatory response" 
published by The Australian Society for Medical Research on 31 May 1996. 

Copies of these two abstracts are annexed hereto as Exhibit DC-1 . 

3, Lhave been informed that both of these abstracts were published before the priority 

date of the present application, 6 March 1997, and have only recently come to the attention of the 
licensee of the present application, who is responsible for instructions in relation to this case. 
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^1 Lhave also been provided with a copy of the paper by Robertson et ah, "Role of high 

molecular weight seminal vesicle proteins in eliciting the uterine inflammatory response to semen 
in mice" (J Reproduction and Fertility (1996) 107, 265-277), and the abstract of a paper by 
Robertson and Seamark entitled "Granulocyte macrophage colony stimulating factor (GM-CSF) in 
the murine reproductive tract: stimulation by seminal factors" (Reprod Fertil Dev, (1990) 2(4): 359- 
68). The paper by Robertson et al is referred to in the specification at page 4 lines 18 to 22, and is 
reference 10 listed at page 30 of the specification. The paper by Robertson and Seamark is 
reference 8 cited at page 4 line 21 of the specification, and is reference 8 in the list at page 30. 
Copies of these documents are annexed hereto as Exhibits DC-2 and DC-3. 

L Lam aware that it was known before the priority date that human seminal fluid 

contains high levels of TGFp. This is disclosed in the paper by Nocera and Chu (1995) (Am. J. 
Reprod. Immunol. 33, 282-291), which is also referred to in the specification and is reference 22 in 
the list at page 30. 

6^ Lhave read and understood the two abstracts, and I do not consider that they convey 

any significant further information over and above the disclosures of the reference which are 
discussed at page 4 lines 14 to 29 of the specification. 

Z Nor do I consider that they provide any significant information over and above any 

of the references previously cited by the Examiner, and which have been discussed in my earlier 
declarations in this matter. 

8^ Ldo not consider that either of these abstracts would lead a person of ordinary skill in 

the art as at the priority date, 6 March 1997, to consider that treatment with TGFp would be useful 
in the treatment of an infertility condition as defined in the specification, including recurrent 
miscarriage or spontaneous abortion. The abstracts show that TGFp elicited a non-specific 
inflammatory response. At the priority date inflammation was regarded as having an anti-ftrtWity 
effect. For example, intrauterine devices were reported to exert a contraceptive effect by eliciting 
intrauterine inflammation. In the condition called endometriosis, release of increased levels of 
proinflammatory cytokines such as TNF-a and interferon-y was regarded as preventing 
spermatozoa from fertilizing oocytes, preventing the normal division of the fertilized ovum, and 
preventing normal outgrowth of the embryonic trophoblast cells which is required for attachment of 
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the fertilized ovum to and invasion of the endometrium. Similarly, stimulation of release of 
proinflammatory cytokines by bacterial lipopolysaccharide (endotoxin) was a well-known cause of 
abortions. 

9^ Lconsider that the two abstracts and the earlier publications of Robertson et al and 

Robertson and Seamark would have led the person skilled in the art to consider that TGFp would 
have an anti-fertility effect, and would cause rather than prevent abortion. 

10^ Lnote that the May abstract refers to a primary role for seminal TGFpi in initiating 

the post-mating inflammatory response in mice, while the November abstract refers to 
"investigation of the potential role of this response in generating a tolerogenic maternal immune 
response conducive to growth and survival and the semi-allogenic (sic) embryo during pregnancy." 
In the 1996 paper by Robertson et al (reference 10 in the specification) it was not clear how a 
proinflammatory stimulus, which was subsequently identified in the abstract as TGFp, could 
promote development of immunological tolerance. At lines 10 to 1 1 of the introduction to that 
paper, the authors suggest that the hormone progesterone, not the proinflammatory stimulus, was 
responsible for causing a switch to a tolerogenic state. At the priority date, even though it was 
known that TGFp had immunosuppressive properties, as well as many other biological properties, 
because the effects of plasma TGFp had been shown in the abstracts to be proinflammatory, they 
would not be suspected of inducing a tolerance response. 

iL Furthermore, the meaning of the expression "a tolerogenic maternal immune 

response conducive to the growth and survival of the semi-allogeneic embryo during pregnancy" is 
far from clear. The state of tolerance is a grossly observable phenomenon which may arise via one 
or more distinct underlying mechanisms. To add to the conceptual confusion prevailing in 1997, 
some investigators had been proposing that an active immune response, even immunostimulation, 
was required for successful pregnancy, and in the light of these proposals immunosuppression and 
"tolerance", meaning absence of an immune response, would not clearly lead to enhanced success 
of pregnancy. 

12, Ltherefore consider that a considerable amount of further work would have been 

required before any possible therapeutic application on the basis of the observations described in the 
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abstracts could have been suggested. Consequently I consider that the two abstracts teach away 
from the claimed invention, and at most constitute an invitation for flirther experimentation. 

I declare that all statements made herein of my knowledge are true and that all statements made on 
information and belief are believed to be true; and further that these statements were made with the 
knowledge that willful false statements and the like are punishable by prison or fine or both, under 
Section 1001 of Title 18 of the United States Code and that such willful false statements may 
jeopardize the validity of any application or patent thereon. 

DECLARED at this day of 2003 



David A. Clark 

Before me: 



A person empowered to witness Statutory 
Declarations under the laws of the Province of 



Ontario, Canada. 
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Oral 3-3 

potential role tor transfokmipro crowth factor beta in 
modwjvtwo the matcrnal immune response during early 
murine prbgnakcy- 

Dc^. OtecetTKS m<i Oyo«wto|7. Unlwslcy of Adelaide, 5outfi AwtriTio 5005 

Mazing ka (ha mouM evokfc a localkinxfnmaccdry fceccioft wlili exl^nsivc infilLraUon of 
ihe u(cnn with tcu^ocyuis;! prodocnltvanUy oUiOrcpfta5«< firaouicoytc^ rik^ ^^c^dc 
cells. Previous work ha^ £h<mn ibflClhl^r^fponse is Initiuttrd by Omul^cyta 
>Ahceif(ihj^gc Colony 5<imtila{tai^ Faccor [GM-C^F) orlgin^diig ftQvcx Uk oevlnis utenne 
cpicheUom. Thf iri^gw fof tterd^att ftf cptihdicd OM-CSFhas b«cn lootilteed io \he 
seminal ve$^ld^Ivod cornponcnt o/ lh& ejosuiuc. la osCex (o idcficiiy the AcUv^ 
iQOTc^r, SeittitvaJ veiiole moxcUooi fr»clk>n«Ufd «ccoftf to molecdlar wdgki 
u»in^ luiioii cfaronutofraphy cctkI ih«n cuUtired ufeclne e{)2die)i&l ccUs. 

This reTcalod ih£t the TQ&jOrilr OT thi (JMOF stlmuUUng adJ viiy eiuced In a 
fafii6roseAeot» peak of I $0*^00 if 08 motecul v v^ciftK, die acts vity or which wtu 
IKHeadaYfCt by add activulofk TliU octlvitx v^os idcaliQcd Ki Trw^fcnningOrQwd) 
PtK^or rro^P) ncuiralbing utti^^TCP^ p9lyv«l#ni antibody cofTvlcMy 
abio^ie^ (he OM-CSF sdmulailng capacky of the active IVadioni, ftrt4 lU^ icvcliiof 
7Xil^} CboCh biCielH^i^ and mucaTtoactivily) w^re prvsent In itib 1 50UCO kD« 
nralcculvr wigc Wl«cft "lUFp Icrcls vett meaS4K^ Ift ffte $e«Tti><MW 

Ciiiudi of <hc male occc^toiy plivmSa whtcn ivnduce aemJnal plaxma, the aenunal 
vesicle gland wcu found (o be Ihe ni^jor source of TCIFp (ocm^yblng 94% of total 
vjitsulaic TGl^ )v*1ili flft Avtrafie eoiueninclon of ^0 ne/ml. Th« ntaJoHiy (TOSi) of 

TSPp wa? 1x1 fh« bioioflically inasuve Isleat rortxii bul Itie exiiteocc of mechanisms 
in ifU'Vierus for Bctiv,'(iion oflstcuilC^ vncri? suggested by (he ftiKiia; th^tTGPp 
le^lft f & (he itUnne lufnkul floid^ ioccease ?-roH ituxlng. vlih Uic m^ocity of 
IQP^ picsem 10 ih* Wolcglcally active form. PimfieTTnAfe, idj^tii^ offcoooAbinant 
inco of O^Kniimioc ytu fotnd lo produce boih tn increa^o Ia mczlnc fluid 
OM-CST and ^ loucoeytfi influx conptir^b to thai Aocn following oecucfll maUDB. 
To^bcTf ttiese dau show thai TCIf^ ifl ifcntimil |)tiiAumifiiu^6& Utd post-mating 
iviflonioiamy req>on«« fn the pawrinc ulcras. On5oia§ gx fi c 4nig-iK s ^nr hr^^^srtiie 
u>opo:ctMinl roJf ofihi* response In gen«tatin^d tol^j^ni^ mduu^al IflinMifie 
c£3fcpOTiS« ccuvdudw 10 gTOWCh AixJ sUTVlval of tbc soml^aflo^enic onteyo difirm^; 
pregnaney. 
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Isolation of seminal vesicle proteins responsible for the initiation of 
O the post-mating inFlammatory response. 

Kef ion Tngmdlen . Suroh Rotenson. DepLof Obsietrics iind Gytiaecofogy , University of Adcl;iiclc, 
Macinff in the mouse evokes a local inflanimatofy response with cxicnsivc infiluaiion of 
the cndomeirial strorna and uterine lumen with aciivaccd ma^rpphages and granulocytes. Thfs 
response has been suggested to be important for the gOTcration ofan im/nunological cnvironmenL 
conducivc to l^c survival of the scmi-alJogcnic«mbryo. Previous studies have shown that 
granulocyte macrophage eolony stimulating factor (OM-CSF) produced by th« oesuw uterine 
epitheJium in nrbpons^ to an unknown factor in seminal plasma trigger^ this inflammutory 
response. Experiments looking at the stimulatory cap*:city of secretion^ fron^ the various male 
accessory sex glands and matings with male mice from which glands were surgically remo*'ed had 
shown the siimulatory facior(s) lo be derived from the seminal vesicle. The aim of recent studies 
has been to further characterise thisaiciiviiy in seminal vesicle fluid. 

Semimil vehicle fluid was sep^rutctJ on the basis of moteculur weight oifing a Sephacry I S 
400 FflC coiumn and each ffttction was assayed for lis GM-CSF stimulating capacity on uterine 
epithelial cells in vUrc, Two distinct .stimulating factors were identified ; a high molecular weight 
protein of 650 kDa which was sensitive to U7psin. heat and ticctonc exu^ction, and a lower 
molecular va^ight fraction that cluied over the mnge of 150-400 kDa. This lower molecular weight 
fraction was lound to aavc ir^n^forminij growth (actof bcu (TCF(5) bioacuvUy in u spcciHc 
bioassay (MvLu cells) and was confirmed as TGFpi in jm ELISA , and by the Finding that rabbit 
anti*TGFt3i polyvalent antibody neutralised the GM-CSFsdmulatingactivity of seminal v«tclc 
fluid. 

Furihcrmorc recombinant TCF(3i has bccn ^hown to increase uterine epithelial cell GM- 
CSF production in both in vUro culture and after insciJlauon into oestrus uteri in v/u^. Injection of 
rTQFpi into the lumen of oestrus ulCri vi^s found to eJicH an inflammatory reaction resembling 
that seen fodowinn natural mating. Together these findings indicate a primary role for seminal 
TGFPi in initialing the post-maUng inllammoiory response in mice « 



MAST CELLS AND SUPPRESSION OF IMIvIUNE RESPONSES BY UVB 
IRRADIATION 

MA Grimbaidcston, GI Swift, JJ Finlay-Xones & PH Han, Depanment of 
Mtcrobiology & Infectious Diseases. School of Medicine^ Flinders University of 
South Australia. 

UVB inadiadon (280-320 nm) suppresses coniaci hypersensitivity responses in 
borh naouse and man. In mice* ihre^ phenotjrpes with significantly different 
Susceptibilities to UVB suppression have been ukniified. BALB/c mice require 
nearly 6 times more UV than CS7 BL/6 mice for 50% suppression of contact 
hypcrscnsiiivity responses; those strains have been defined to have low and high 
Susceptibilities to UV, respectively, DBA/2 mice have an intennedlatc 
susceptibility. Ma^st-cell-depleied mice (WfWf) are unresponsive to UVB, but 
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Role of high molecular weight seminal vesicle proteins in eliciting the 
uterine inflammatory response to semen in mice 

S, A Robertson, V. J, Mau. K. P. Tremellen and R. F. Seamark 

Dcpartn,Qd of OhsUtrics aitd Gytm^logy. Urdversiiy of AMnde, SouBi Aushaiia, S0O5, Australia 

MaHng evokes a dwacterisHc pattern of molecular and cellular events in the rodent 
reproductive trad, including an infiltration of the endometrial st«>ina and uterine lumen 
i activated macrophages and granulocytes, which dosely resembles a dassic inflamma- 

j tory resp<.nse. Previous studies in mice indicate that these cellular dianges arc associated 

, with, and ,jre largely a consequence of, an upcegulated synthesis and cdcase of gianulocyte- 

macropha^T€ colony-stfmulating factor (GM-CSF) horn the uterine epithelium in response tp 
seminal fliid The aim of this study ^ to investigate hicther the origin and naturt of the 
factors present in seminal fluid that trigger the GM-C^ response. It was found that the 
characteristic increase in uterine expression of mRNA encoding GM-CSF and ndease of 
GM-CSF. ttoactivity from uterine epithelial cells Into the himinal cavity seen after mating 
with tntad or vasectomized males was no longer evident in matings with male mice from 
whom tixe seminal vesides had been surgically removed. The extent of inflammatory 
leucocyte infiltration into the endometrium was ako reduce^; the most notable effect was a 
complete absence of the exocyto^s of neutrophils tAo the luminal cavity normally seen 
after matings with intact or vasectomized males. Bioa^y of the GM-CSF output of 
oestrous endometrial cells after culture with crude or Sephacryl S400 chrcmatogxaphed ' 
fractions of seminal veside fluid showed that the GM-CSF stimulating activity was 
predominantly associated with protein moieties in seminal veside fluid of sttjproximately 
650 000 A^, and 100 000-^00 000 These data confina the presence in seminal veside 
fluid of spf "dfic factors that iniUate an inflammafcoiy response in the uterus after mating 
through upregulating GM<5F synthesis in the uterine qiithelium. The agniScanoe of the 
cytoJdnc release and cellular changes induced by seminal plasma for impiant^iian of the 
concephis and pregnancy outcome remain to be determined. 



Icdroduction 

EjaculaHon during copuiaao.T iniUatcs a cascade of cellular and 
molecular events required Jor pregnancy. Accumulating evi- 
dence implicates a "priming' role for ^ecific uterotrophic 
fectors in sezninai fliiidflh rcufenta, ficnunal fluid infused into the 
uterus at oestrus inai^ a rtudoed local inflanunatory response, 
characterized by extensive iiifatration of acliv^ted neutrophils, 
eosinopliik and Tziacrophage; into ttw endometrial stroma and 
lumen (De e^ al^ I99I; Kachl:adtie aL, I99I; McMaster al.. 
1992). This inflammatory lespQnse fiut?sides by day 3 of 
pregnancy in resportse to a progesterone^nduced shift in the 
local cytokine milieu (Kadikadie d- mL 19911 which appears tc 
be accompanied by a transiifon in local macrophages to an 
^immunosuppressive' phenol ype, conducive to the implanta- 
tion and devdopment of the semi-allogeneic embryo CHunt 
ei aL I9a4). • 

The inflammatory reaction after mating is pc^ce^ed by a 
transient, 20-fold increase in (he content of the lymphohaemo- 
poietic cytokine granulocyte -macrophage colony-stimulating 
factor (GM-CSR in luminal fhiid. This increase occurs within 
Received S January 1996. 



12 h after mating and is mduccd by scaninal factory acting on 
the oestrogen-prtned cpittielfum (Robertson and Seaniark, 
I99Q; Robertson i± 1992). Accumulation of GM-CSF 
bioactiviiy at the ^nthcHal sur^ce is implicated as a key 
intemiediary in the iocsl recruitmfint and atiivation of inflam- 
matory teacocytes, as the introduction of e<juivaient amounts 
of recoxdbxnant GM-CSF into the uterine lumen of an ovariec- 
tomized mouse is suffioent to cause an inflltration of inacro- 
phages, neutrophils and eosinoptiils, cndzstznguishabk from that 
seen on day 1 of pregnarvcy Olobertson oL 1994) and the 
inflammatory response after mating is diminished in GM-CSF 
deficient teansgeruc mioe (S. Robertson, unpublished). The 
experiments described in this study were aimed at eacploring 
the <wigin and nature of die fec±or(s) in seminal fluid 
that irriiiates the release of GM-Ca= from oestrogen-primed 
epithelial ccDs. 

Materials and Methods 
Asumzh and surgiad procedw^ 

Adult (fr-l2 ureek) (Balb/cx C57B1) female mice and 
(CBA X CS7BI3 Fj male mice, obtained from d\c University of 
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Adelaide Central Animal House, urcre maintained in minimal 
seomty bartic,:, spcdfic paihoy,^ free hOUiiss, on a 12 b 
Hght;12 h dark cycle vrith food nnd water available Uhihtm, 
Adult naturally Cf<^ female mice were examined daily and 
Vjigmal smears were taken to identify mice in oestrua or were 
placed two females per cage with individual males for natural 
matog. The day a vaginal plug was observed was nominated 
as day I of pregnancy or pseud<ipregnancy after mating wxdi 
infect or vasectonuzcd males. In mafings using seminal veside- 
defiocnt males, vaginal smears vre^e taken each morning and 
checked for the presence of speimatozoa. since a copulatory 
plug was not foiirtcd. Uterine tissues and fluids W females 
mated with seminal v^de^efi^ient males were included in 
analyses ojJy if the sperm oontenl of uterine luminal fluids was 
>IO*inl (approximately 50% of inated mice). In one 
expenment, male mice received a single s.o ii^ection ^ 
testosterone (Sigma, St Louis. MO; 200 jig in 10% ethanoi in 
O.I ml peanut oil) 45 h befon? t)^ey were kiUed by cervical 
oislocatiarL 

Mak mice were anaesthetized before surgical procedures 
wftti Averfin (I mg ml"' tribromoelliyf alcohol in tertiary 
amyl alcohol (Sigma) diluted to IS% (v/v) in saline; 15 ill g'^ 
body mass injected Lp.). Mici^ wee vasectomized by biUteral 
Ug^on of the vas deferens througJi a transverae indsion in the 
Nominal waU (Hogan ef id. 19^), and seminal vesides were 
removed through a transverse incision in the abdomen after 
lotion and severing of the proxinwl hibule at the tase of the 
^and The body and skin wen: sutured and the mice were 
aUowed to recover for at least 2 >^-ceks before mating. 



GM-CSF dependent cell line FD S/l2 ffXdusea 1988) as 
described by Fobcitson and Seamark (1990). Standard curves 
were constnided using recombinant mouse C3^4-CSF. The ^ 
for dHufions used .in data calculation In the cytokine bioassay 
were approxinaately IO%. Supanatants generated vriihin the 
same aqjeriment wcit assayed at the same time. Minimum 
detectable amounts were 1 U ml" ^ for GM-CSF (50 Uml"^ is 
defined as the concentration of GM-CSF stimulating haif- 
maxnnal FD 5/J2 cell proliferation, equivalent to 50 Colony 
Forming Units {dU) ml"" * of recombinant GM-CSF. where 
50 CFU ml ^ stimulates half-maximal colony development in 
a bone mafrow assay). 



Immunakisiochemishy 



R£ag.(ti£s and medln 

Media used for cell W and primary ceU culture were 
RPMI.1^40 or DMEM (Cibco, C;rand Island, NY) supple- 
mented with.20mmnl H^-^ (Sigma), 10% (v/v) felal calf 
s«rura ffCS) (Con^onwealdi Sencit Laboiatories, Melbourne), 
5 X ID mol P-meicaploethanol 1 and antibiotics (KPMI- 
K:S iffid PMEM-FCS. rtEq>eciive:y)- Recombinant £ caU~ 
derived tiiouse GMCSF was a gift from M. Nicola (Walter ^nd 
Elira Hall Institute of Medial Rese;irch Melbourne). 

Collection of uterine lurmruil fluid 

Utezine intraluminal fluid was collected essentially as 
described by Robertson and Scamarii (1990). Mice were killed 
by cervical dislocation between 10:00 h and 12.-00 h on day I 
of prc^iancy or pseudopregnan^y ar.d individual uterine horns 
isolated by cutting near die oviducd and the c^x. A blunt 
26^gaMge needle attached to a 1 ml :,-yrmge coixtaining RPMI- 
FCS was then inserted into the ovidwctal end of a uterine hom 
axvi uterine washings (25-50 |il in 500 ^ RPMI-FCS per horn) 
collected via the cervical end. For cy toldne bioassay. flushings 
were cerihifuged at 400 ^ for 10 min and the supernatant was 
stored at -60*C Total leucocyte ccunts in luminal flushings 
were made using a haemocytometer. end ceU smears for haema- 
toxylin and eo^i staining of neubrophils were made from cell 
pellets after centrifugation of flushings at 400 ^ for 10 min. 

Cyloldnt hiaassays 

GM-CSF in uterine fluids or cell iiilture supematants wa^i 
quantified by measuring proliferabon of the spedfkally 



Morwdonal antibodies (mAb) used were F4/S0 (anfa- 
macrophage; American Type Culture Coflcction (ATCQ. 
Rockville, MD) (Austyn and Gordoiv I98I) and RB6^C5 
(anti-ncutrophit Tpvoyn^^ed by S. McColl Department of Micro- 
biology and Immunology, University of Adelaide) (Cordan and 
North, 1994). Eosinophils were detected by staining for erulo- 
genous peroxidase activity, whki oo4o<slizes with the 
eosinophil-spcdfic stain Congo red =id is ^jsent torn neu^ 
trophils in sections of utenis (S. Robertson, unpublished). 
Uterine tissue was €irhe66&d in OCT Tissuc-Tdc (Miles 
SdentifiQ EUduiri IN) and frozen in isopropanol cooled by 
litjuidN;^ then stored at - SO'C unlxl used. Semi-serial sections 
(6 jixn) taken from uteri of mice at oestrus or at day I of 
pregnancy were 6xed in acetone (for RB6-SC5) or 96% cfhanol 
(for F4/80 and eridogenous peroxidase stainir^. For mAb 
staining, sections were incubated m humidxBed chambers in 
mAbs (rieat hybridoma supernatant containing 10% normal 
mouse serum (NMS)) for 3 h at 4*'C washed and incubated 
in goat a lat-horseradish peroxidsase G^RP; Oakopattr, 
Copenhagen; 1:20 in PBS containing 10% NM^ for 2 h at 4*Q. 
Slides were incubated in diamznobenzidsnfi (Si^na) (5 mg ml ~ ^ 
in 0.05 mol Tris-HQ i "\ pH 7-0 phis O,02% <w/v) hydrogen 
peroxide for 10 min at room tenq^eraiait: to visualize fIRP or 
endogenous peroxidase. Ussue was oountccstaned in haema- 
toxylin. The numbers of rteutrophils mm"^ hxcninal epithelium, 
or the area of positive slairting in the endometrial stroma 
(expressed as a function of the area of total .staining, after 
subtraction of the corresponding cndcgencos peroxidase value 
for sections stained wilh mAbs) were determined by Video 
Image Analysis using VideoPro software (Eaulding Imaging, 
Axiclaide). 



Collodion of nuiU erren^ary giand fluid 

In irutial expcrimenfcs, the secretions of the seminal vesides, 
prostate and coaguIatir\g glands of adult mak mice were 
collected immediatdy after death by excising the appropriate 
gland arxl dispersing the contents and tissues in 1^ ml RPMI 
per gland or pair of glands with tiie aid of fine needles, 
^ididymal secretions were collected by flushing the ampullaiy 
region of the epididymis with 1.0 ml RPMI u^ng a blunt 
26-gaugc needk- All preparations were pelleted at 5O00 ^ for 
15 min to remove cell debris and spcrmafrozx?^ SLg>ematants 
were then collected and stored at — 80*C unti] cytokine assay. 
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Por dvomatography and other e3q>criinenfcs, as indicahrd in the 
text, approximately loo seniinaJ veside fluid was expressed 

HQ 1 (at a li4 vrv ralio). 



Fluid iirom the sen^ vesidcs of /our 4-^-nionth-old stud 
tn^\^ mice was pooled ir 6moI guamdine HQ I {lA v^v) 
This pooled Ecuterial used for molecular sizine by diroma- 
to^phy or dt^salted by passage of 500,d through a 5 mi 
Hilrap coKomn (Sepharo^e G-25; Plt^xrx^ Uppsala) equili- 

^t^^^* ^* " ^^^^^ wi^^assayedfor 

OM-CSF sbmulating activ^fty. For molecular sizing chromato^^ 
raphy approxim^ 1^1 seminal veside fluid in 6 n.ol 
guarudine Hai ^ w;^ applied to a Sephacryl S^O column 
l*^ Phamuda} equilibrated in 6 nwi guanidine 
V^aI. ' ^^'^ of 15 nJ were collected desalted into 
UMEM and assayed for c:M-CSF-st2inulaHag acHvity. 

For oq>crimenfcs inver^iigating the nature of GM-CSF- 
^uiatmg activity, Wic-ns were treated with trypsin (Sigtna: 
1^%^./ 30min at yrQ and then centxrfuged through 
IW OOO A^ cut^ niicr.jconcentrators (Amioon. Danvers, 
rW i"^ ^^^^ extracted with acetone 

(TO/o v/v -20 C for 60imnjL or heated to 5Q^C or fiO'C for 
lOmin before GM-CSF bi.jassay. 

BuLj77T£friaI cell aiUure artd .Tssay of GM-CSF 

Endomebrid celk were prepared from mice in oestrus under 
sterile conditions using a modificafaoji (Robertson and Seamadc 
I990J of a procedure d^'thed originally by Shemum (1976X 
Monolayers resulting from these prq^aiations are coinposed of 
approximately 70% epithcli il cdJs, 25% stromal &roblasts and 
>-5% leucocytes (Robertsc-n oL. 1992). Briefly, uteri from 
cidividual mice wenr excised, trimmed ^ slit lengthwise 
before incubadon in 0S% Mv) trypsin, i5% (w/v) pancreatin 
(bovme pinareatic type DI. Sigma) in PBS for 45 mfn at 4 V 
foHowed by 45iniii at 3 DMEM-FCS v/as added to 
^ti^ proteases and uteii were genHy agitated by repeated 
pipetting to release the .:pithelium and some underlying 
stromal cells The yield for endometrial prepzrations was 
X 10 cells per ul^. Cells obtained from pools of four 
to SIX uten were plated at approxinutely 2 x 10* cells ml'^ in 
I ml DMEM^20% (v/v) FC S In four-weU multidishes (Nunc 
Kosldlde), and incubated at 37^C m 5% CO^ in air. Cnide 
preparaHons or fractions from chromatographed semirwl ves- 
icle fluid in DMEM were aclded 3 h later at a 1:2 diluHon to 
duphc^te wells and incubated for 16 h when the supematants 
were removed and zepLia>a with fresh media, and the mor- 
phology of the culhired cells was examined under a micro- 
scope After an addition^ :i4 h culhore period supernatant 
WCTe collected, deared by ct-ntrifugation at 2000^ for 5 min 
and stored at ^ so'C befot^ cytoJane bioassay. Viable, adher- 
ent cells weft> quantified by measiiring absorbance at 540 nm 

Bengal dye (Faulding. Adelaide) 
% w/v in PBS, 5 min at 20*0 and lysis in 1% (w/v) SOS 
to enable expression of cytoline production as U 10 cells 



Reverse transaipUon polymerase chain nadion (RT-PCR) 

Total oeUuIarRNA was exinudted frorr. whole uterine tissue 
according to the nicthod of Chomcry^ld and Sac<hi a9S7). 
Fiist strand cDMA synthesis was achieved by reverse transcrip- 
tion CRT) of KNA primed with random hexamers (Bresatec 
Adelaide) using a Supersa^ RNase H^crse transcriptase lot 
(Gibco) essentially according to the manufacturer's insti-uctions 
and as detailed by Robertson d aL (1996). QuantificaHon o£ 
n^A by RTTOl was perfonned essentially as describ ed by 
Chelly ^ (19&SI using primer paiis specific for GM-CSF and 
actin cDNAs which generate 278 bp and Ifi6 bp products from 
cDNA respectively, and reagents si^plied m a Taq DMA 
polymerase kit (Bresatec) in 96-weU PCR trays (Hybaid 
Teddington), as detailed by Robertson et al, (1996). Each 
r^rfion included O.X ^iQ (approjdmately 3000 G mmoJ"^) 
1 PJdCTP (Bresatec). For amplificaHon of GM-CSF and actin 
cDNAs. PGR was for 2&-42 cydes and 14-23 cycles, respect- 
ivdy, at two cyde intervals. After photography of ethidium 
bromide-stained reaction products, fids were transferrod by 
T^ld alkaline transfer to nylon membrane (SdUeister and 
Sdteua DasseL Geimany) and quantified using a phospho- 
imaging system (Molecular Dyiinks, Sunnyvale, CA). The 
PCR product yidd was plotted against reaction cyde as a 
semiJogarithmic curve. For estimation of the initial amount of 
the template, regression equations of the form y- 1 x where 
y is the yield and rx is the number of cydes, were m^d to the 
data in the linear portion of the curves using Sigma Plot 
software Gandd Sdentific Sofrwaie, CAJ as described by 
Robertson £f al. (1996). 

StaHstical amlysss 

Non-parazneiric tests were used in data analysis since in 
TDzny ejcpcriments the data covered a broad range of vahies 
and were not nwrnafly distributed Data were subjected to 
KmskaJ-4VaIlis one-way ANOVA foUowed by Maniv- 
Whitncy Rank Sum Test" (two-tailed} to evaluate differ^ces 
between hieatment groriq>s. Difeences were considered 
signxficaiit when P < 0X5- 



Results 

^id of male accessory gland defidificy^ on the GM-CSF response 
Jifier nudwg 

Previous stodies using intact and yasectomized males in 
syngeneic and allogeneic mating oombinaHons have shown 
that the GM-Ca^-stimulating .activity in semen was not associ- 
ated with spermatozoa or histocoo^atibility antigens, thus 
inq)licating factors originating in liic accessory ^ds 
(Robertson and Seamark 1990). Ths extent to which the 
seminal veside fluid contributed to this acUvity was established 
by determining the GM-CSF content of luminal fluid in females 
12 h after mating with intact, vasectomizied or seminal vcside- 
dcfident males. 

luminal fluid from mice mated with the seminal veside- 
defident males was found to contain significantly less GM-CSF 
than that obtained from mice mated with intact or vasec- 
tomized males (median (95% confidence y^ge) ^ < 1 ( < I— 
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6.4) U per uteru^i for fiemmaJ vesid«kfident males versus S l 
( < I-36.fi) U per utenjs for intact males and 11^ ( < 1-32j6} U 
uterus W vasectomized n«les, P=:0_OOI); die amount 
being con^arable witli ttiat recovered from uteri of unmat^ 
^^'^T^Vif"^^" f<I 1-1-7) U per uterus; P-0.Z23) 
J-JS'PcJ^^ '^^^ confirm previous experiments shoxving that 
urvi-<:SF-5toLiilatmg activity is not associated with spermato- 
zoa or epididymaj secretions (Robertson and Seamark, 1990) 
that this aciiv.ty is due to seminal veskJe- 
dcnved component of the ejaculate. . 

^ of mating wUh mtad am^ seminal veskic drfuM maks on 
si/nthisis of mRNA cncadmg GM-CSF in vivo. 

Tlxe amount of KNa encoding GM-CSF was assessed in the 
uten of mice at oeslius and uuoe at days I-^ of pregnancy to 
<letcrTnme Mrhethcr the semin.il vesicle fluid-mediated in<Tease 
m ttie luininal fluid content of GM-CSF bioacfivity rdkcts the 
release of intracytoplasmic st^.res of protein or novo syn- 
«^ by uterine tiS5u^. A quantitative RT^PCR method was 
used smce it was difficult to detect mRNA encoding GM-CSF 
in whole uteri from nonpregnant mice by northern blot 
^lysis (data not shown). Total cellular RNA was extracted 
trom whole uteri and analysed by quantitative RT-PCR for 
mRNA encoding GM^ an<l acfcin. mRNA encoding acHon 
was found to be mdependent of treatment, with a cocEdent of 
^afaon of less than 20% between each preparation (data not 
shown). In contrast the uterii.e content of mRNA encoding 
GM-CSF of uteri varied with day of pregnancy (Fig. 21 with a 



peak in expression on day I of pregnancy when values were 
5.7 times greater than those found at oestrus. Expression 
remained hi^ on day i but dedined ^cafter to a value on 
day 4 of times that at oestrus. 

Total ccUuiar RNA was extracted from uteri of mice at 
oestnis and from mice mated with intact or seminal veside- 
defijtot males (« = 6 per group), and the mRNA encoding 
GM<:SF and coRNA enoodi^g actin content quantified to 
detemiine whether deletion of seminal veside fluid from the 
^aoJate was associated with diminished GM-CSF expryission 
after mating. Expression in uteri of mRNA encoding GM-CSF 
in mice mated with intact males was significanUy greater than 
that m uteri from-mice at oestrus ov from mice mated with 
senimd veside-deficient males (median (95% confidence 
i^e) - 77 (24r-340)% median oestrous value for matings ivith 
seminal veside<iefideiit maks, versus 920 -(260-3400)% 
median oestrous value for intact males, P = 0.002) (fig 3) 
Tbe^ data indicate that release of GM-CSF after mating is 
aooompanied by an increase in 4he synthesis of mRNA encod- 
ing GM-CS=. and hiithermorc provide evidence that this 
upr^gulation in synthesis is dependent on the activity of factors 
in the secretions from the smhrsl veides. 



^ed of seminal nesicfe xi^^oewy on the irtflommalory response 
after trusBng 



Im«"noHistochemical analyses with mAbs spedfic for leu- 
cxx:yt€ common anfaeen (CD45} ^ mydoid lineage-spedfic 
antigens in this and other Wwatorics have shown that the 
leucocytes resident in the cydic ^ early pregnant uterus are 
predoounantly of macrophage; gi3mdo<;yte and dchdrifcic cell 
Images (De ct ^, 199X; KadikaAe et oL^ I99I; McMaster 
^ 1992; S, Robertsoa unpubli^ied). Uteri wetc coCected 
from mice at oestnis and appi^ximatdy 12 h after mating with 
intact, vasectomized or seminal vesidfr-deadeiif males arxi the 
oomposiiion and number of endometrial leucocytes were 
investigated immunohislochemicaHy usin^ F4/6O and RB6-8CS 
mAbs specific for macrophages -and i>eutrophils. respectively 
and endogenous peroxidase adivily to detect eosinophils to 
determine whelhcr the infiltration of inHammaiory leucocytes 
on day I of pregnancy is dependent on the seminal veside- 
derived conipoaents of the ejaculate. The number and distribu- 
tion <^ macrophages and granrJocytes in the endometrium 
were found to be dependent on exposure to semerv despite 
substantia! variability in the densities of both leucocyte 
populations within groiqjs of both oestrous and mated mice. 

In the uterus of mice at oestrus, F4/fl0* macrophages were 
distributed throughout the endometriaJ stroma, with endogen- 
ous peroxidase-posibvc cosinophik accumulated predomi- 
nantiy ;at the endomctnal-iityomefaial junction and also 
scattered throughout the endometrial stroma (Hg. 4). The 
dynamics of the inflammatory ix=sponse after mating in mice 
mated with intact or vasectomizisd males were similar to those 
reported previously by oUw (De el^ 1991; Kachkadie Ei al 
1991: McMaster el al., 1992), with mating causing a significant 
increase in the density of macrophages within the endometrial 
stroma immediately subjacerrf: to the hnniiaaJ surface flable I). 
A shift in the position of eosinophils from the cndometrial- 
myometriai junction to areas of the cndometriuni underlying 
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2. Quantitativt: remerse transcriptase CRT)-PCR anaiysis of ilic expression of R>M €n<yximg giWocyte-tnAcrophi^ 
odloroy siiauilaiing factor (GM-^CSF) <luring eaHy pregnahcy. Tota! oenubr RMA was Extracted torn inlact uteri colkcted 
toTin nuo; at I(H)0 Ji-IiOO h on the day of o«^^ 

poofed per lime point}. KNA prq>aral2ons vccre subjected to rcvrac Iranso^itian by random primioe and amplified by PGR 
wUh GM-CSF or atiirvspedfic pnmcrs for various numbers of cydes-.PCR ptxiducte were jufcjectcd to electrophoresis on 
z^ose gds and piiotographed on a UV-tiansillumirrator (c). The amount of product was quantified by phosphor-im^ginfi 
after ^Imsfe^ of products to nykm itwmbraive and plotted as a foncfion of cydc number <a}. Data were analysed by hnear 
re^doa analysis io cdculate the rcUtive oontenbi of xnRNA exKoda^ G3V^<SF of e=di RhL\ png^ normalized to 
arfin conbmt -nwi mcanisD contenls of mRNA encoding GM-CSF is expressed as a perccotage of values at oestrus 
(« = airee experiments) and is d^wn in (b). 



Hie epitlielium was notable after mating with intad: xxvales, and 
to a lesser degree after inabng with vasectomized male^. 
Mating with either inlact^ or vascctomized males was also 
associated with a striking inJiltralion of RB6-^0 ^ neutrophils 
which were sparsely distributed at oestms but comparable with 
eosinophils in nun^ on ciay I of pregnancy (Fig. 5). After 
mating, many netdiophib were also interspersed between 
epithelial cells at the luminal surface, where they appeared to 
be In the process of inoving into the luminal cavity. 

Differences were evident h-i the composition of the leucocyte 
population infiltrating the -mdometiiuni after matings with 
seminal veside-defident mnl< s compared with those found after 
mating witli intact or vasectomized oiales. Most notable was a 
marlccd reduction in the number of neutrophils, lite pattcm of 
RB6-6C5 staining in ^ awlometrium of mice mated with 
seminal veside^efident mak-s was indistinguishable from that 
of mice at oestrus, with neutrophils sparsely distributed in the 
endometrium and none detectable in the epithelial layer (Table 



XBgS), There was also a trend towards fewer macrophages in 
the subepHhcIia] endocnctiial ^oxna of mice mated to scmir^al 
veside-deficient nuks^ but this diflerence was not significant. 

The number of neutrophijls in the luminal fluid of mice 
ooUocted by lavage «5>proxiEnately 12 h after mating with 
intact and seminal veside-defidimt males was detemiincd to 
investigate further the effect of seminaj veside deficiency on 
the eflBux of r^eutrophik into the uterine lumen. Neutrophils 
were ahundant in the haiunal fluid of mice mated with intact 
males (Table 1), constituting > 95% of the leucocytes present 
and occurring primarily in large aggregates with spermatozoa. 
In contrast, the lurnir\al fftivl of mice mated with seminal 
veside-defident males contained fewer leucocytes and propor- 
tionately fewer neutrophils, with individual spermatozoa 
remaining mono-dispersed (Fig. 5). These data confinn thai the 
seminal veside-dcnved component of the ejaculate has an 
important role in provoking the cellular changes that 
characterize the inflammatory response after mating, and are 
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induced by sezz^innl ferf<« in U„tu^g ft^se eventT* 

««ent to which secretions from other accessorv elands 

-^ymis of 4-«-^onth^.Id stud x^^tniSc 
^led of niice «t oestrus u« ««n,ined. EpUiu^ ^ 

^J^fci!?^^" ^^-^ °«»P"t f-on, endometiial cells was 

«^sed to senunal v-iside fluid ..ompared with control cul- 
^ whereas mclusion of fluid., fron, tl»e coagulating or 
Sj»as or epididymis had no significane 6) 
f«^£ Ae finding ,„ Svai the scnuml veszde fa £ 

opSrS't^^fr^f '''r'^ «xp<=riment, was carried out M viiro to 
opbxpize methods for xnaximun, -recovery of the GM-CSF 
=^Utu,g activity from seounal vesicle gl^vds cXS 

...on W.U co.gu.aHn, S^flt dtS^Sl^^^, 
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j«abon of v«icfe Huid duri^ n«ceralion whidx 

w^A 1^ *^ ^"^^ M h (compared 

? i.'^ * ot>*«dafion of senunal veside extract with 
-A»neta^cdls (data «rt shown). In six e,q,e^^ 

vesidc odiads was 320 (l5O-760)% (P< 0.05). 

OM-C5F stamdtditig ndioHy 

To drfemune whefter ag,^ sexual experience and testoster- 
one Stat™ mflucnoe Ihc QM-CSF stimuUting =padly of m^e 
nutt (-nd to identify an.app«^ p33^ai^tS 
useas ti^ soutce of matoidfor d«™cberizatio„ of the 

coUecied from 3.nwiHiK>ld nude mice tJ«t had been ca^ed 
eith<irm groups ('unseparated') or individually for 3 wedcTLd 
Si^"^ -I« I«d been ^ed iS;:^^ 
r^il^^-'' ^ - «6«^ basis for at leJ 

t^^^ «M.faoas^ veside ftrfd w« coUected from 
"nsepar^ed 3-moatfc<,Id «i«le nice that had been given 
^ecbons of 200 MS te*osl«one 48 h before beipg Idlfcdt S 

£J *^ Emulating factor. 

Bcascd glands w«e woghed inmediafely before mweniiion. 
FJ^ were cK«bat«l with endometziaf cells as descS 
F^J^^ ir^surem^ were made of the amount of 
r^feased per 10* adh««i endometrial cells 

of seminal veside fluids 
was fcgUy va^xable ar,d differed befw«n t,«tffleat groups 
Stud nules had :=i6nific3nUy larger seminal v^ 
^ean±SD=.254±35^ P=aooi) than unsepax^ed or 
inocpenenoed males, and d^ir seminal veside fiuid contained 
sifiwficantly more GM-CSF stimulating aetivity than afl otlver 
groins (mx^dian (A 95% «>nfidena range) GM<SF out- 
put = 233 (119^9)% ,onlrot^ = 0.^ii:ig. 
m^encnoed male mice individual^ sSgnificanHy incited 
boil, the mass of setninal veades (unseparated: I27±3a w 
r1ir!^<^*"t * " P-aOOIX and the content of 
GM-CSF stimulahng activity (unsepaiatcd.- 77 G7^I56)% 
vena« sq»rated.- 127 (86-316)% P= 0.021). Tnafanent of 
imoi widi testosterone increased the mean (± so) mass of 
t^T^r^V^ nnsepaiated males (236 ± 16 mg: P= OjOOI) 
but mh^fled GM<SF stimulating activity lo\!Sues sign^ 

P~ 0.0I0)Jl,c mcrease in the mass of seminal vesides would 
We «ntributed to, but does not fufly account for the 
m^eased GM-CSF stimulating activity found in experienced 
and sj«uated males, suggesting that sexual status influences 
both the total content and Bve content relativt: to gland mas5 of 
seaunal veside GM-CSF stimulating adivity '^'^"^ 



^o^in- MOSS erd proUmaccous nature of GM-CSF sHmuMng 

Preltoinaxy experiments estabMvsd that GM-CSF sKmuht- 
rng a*vity could be rocovenaJ afte dissolution of seminal 
vcside flind in 6 mol guanidine HO ] and desalting using 
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ni»^ endomeinum Tikcr nMfang (b). Macrc^Aages (Utg€ stated cefls) arc xnore sbuz^ in &e «bq,2fael«l <s«iomeiml siroL after 



Sepharo5€ G-25. indicsfing that the Af, of the active £actor was 
^ter ihan 50O0. Indivitlual factions pi^ed in this way 
from three 4-^-month^Id sfud nu<^ mcrcased ^ndometriid ceU 
GM-CSF outpufc: to 374%, 186% ;ind 120% of control v^u<=s. 
lh€ activity in the extract prepared from one of the mice was 
shown to be concenfr^tion depend^ with maxnumn activity 
at a 1^ diluUoa titraiiag to undetectable values at dihitions 
b<^ond 1:16 (coirespondiiig, respectively, to approximately 
Ii20 and I1I6O dilutions oi neat seminal vcside fluid). 

The activity was charact^ed further by subjecting pooled 
seminal vesjde J3uid from 4-6-month^W sfaid mice to molecu- 
lar mass sievinij du^omal ography on a broad resolution 
{20 000-8 000 000 M,} Sephaoyl cpIumiL On each of 

live occasions, the major fcroportion of GM-CSF-^mulating 
activity was found to elmte in a peak c^espondin^ to 
approxtmately 650 DOOM, with a lesser and more hetero- 
geneous peak of activity duting in the 100 000^0 000 
range (Fig. 6). Tho bioaciive fractions were desalted onto' 
Sepharose G-15 and subjected to various protein-denatwing 



treatments. The acQvity was found to be heat sensitive; Tvith 
no activity and <50% activity lOTtaming after IV min incu- 
bation at eo'C and TCspectfv«Iy. feicubaHon with bypsin 
or extraction with acetone but not ether, also completely 
abolished the GM-CSF-stimulaling activity, suggesting that the 
active factor was wholly, orpartiafly, composed of protein. 



Discussion 

During the oestrous cyck in mice, ovarian steroid hormones 
regtilate the secretion from ufetine ^ithelial cells of a family of 
lymphohaemopoictic cylc*incs Indoding GM-CSF, CSF-1, 
tiunour necrosis factor a. CINFa} and an eosinophil chemolactic 
factor (ECF-U). which together orchestrate the recmitment and 
regulate the function of macrophages and eosinophils in the 
mouse crodometrial stroma (Robertson and Seamark, 1992; 
Robertson ef a/., 1995; Lee tff I9fi9). The present study 
identifies a high molecular mass, proteinaccous comporvent of 
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T^U 1. 



The efcct of maf in^ >vith intact and seminal v^eside^kfidcnt iiuJes «n ff,. u r 



Neutrophils; 

Endometrial lAiomaT 

Luminal cavity^- 

Eosinophils* 




PtJicentagtf positiviiy 
Ceils mm"^ epithel/tan 

PcTCEnta^e pqsrtrvity 
Percentage positfvity 



9J Ci7-14)'^ 

15 (I2-Z5)'' 
4-2 (1-6^.1^^ 



23 

4.9 (0J-I2r 
2i (iO-250r 
26 (15-49)*' 
9.7 (5,1-19)' 



50 (2CH55f 
3-5 (<O.I-16)-* 

42 (lS-^9r 
3-5 (2.9-6.5)^ 



4.7 (i6~13)**' 
0-3 {<O.I^iaf**' 
0.5 ( < 0.1-3L2y^ 
20 (9-32)*^ 
10 (2.7-I4r' 



D^«r€WatIea*t«x^pcr;^^I ~ ^ 

•N^tropfd, n tt^In^ 65* «=wfid«ce pu^c) number of 



pksa« which «±s. at ™^ ^ initiate, tlu. port- 

«id «Jsinophlk,vdaun tfw end™nX J^^^^ neutrophils 
hjnunaj surikce endc^nrfnal stroma sub,4oeni to the 

cavKy after mating tenned Jiie . 'leucocytic cell rearfi,,,' 
™ce (Austia 1957. 1975). and a comparable leucocvH^ 

^osuod in ti« vagina Tr,«« leucocytes luvc been^Sed 
ll'ir' «^-Pholo,5y. to be mainly rj^^ 

I r^P"'''^°° «s *Iso "ssodated wi{h an effusion of 
^mu^obuhn into ifee ceivbc or uterine huni«I caSSX A 

ma/onty of spermatozoa («viev»ed by Cohen, I9»4) fa 
and hunufls studies iavolvu^ o^Hng^A v^ecS 

^ spennatozoa are necessary for elidHng these 

^ sperm co^onent of se^en evoked ?Ae ir,flamn«lo^ 
♦«i»ales mated w,ih vasectomiz«l the release of 



8»^Ie 6»m Iha^occuning after xnatipg vvitfe intacf 

neubophik wee x«ruih=d into 

ofe«ved to n^^te between q,iau=M cdls and into the 
^ The only ^.parcr* d^ex,« between the 

^ZZ^. eosi»pf^. «ggestine Hut this 

-^V««aof the n.flann«atory cascade after a«tog „„iy^ 

In oonfaast no increase in GM-CSF cnstp^ hom the «=iH,e- 
''"^ With senunal vlide- 

^^.^ to the absence of se=rfnal veside 

SSJT"^^ g-nuloc7t« into tfce endometznnn was 
a^mu^d and a*«re was a ««»p|et« Udc of neutrophil 
^tn*on» o the himmal cavity. ll«=se.dafa provide coc^ 
Img suppoitfor a causal rdatioaship between GM-CSF nd«^ 

^te mstJLng exogenous GM-CSF into the n»ro<^e 
tact (Robertson H ^7, 1994} and studies m GM^Z^F deficient 
ta~gen.c mice (S. Robertson unpublished). The redurfion to 
number of neutr^hils in A. luminal fluid of mice ,nated to 
sorm^ vead^defident .nafcs could not be accounted for by a 
educed cor*ib«tion from male^ved leucocytes pr^*^ 

staining of utenne sections at day 1 of pregnancy with mAb 
^eobc for patent MHC I sfaowed'^th^e tha^^ 
of Ae leucocytes present ih the WvJ cavity after natural 

Robertson and K. Fair 
«npubl«hed). Semmal ve^'de defidency did .not completS 
mh^t the recn^tn.ent of eosinophils into the endoLtxJ 
rfroma after mafang. a finding whid, is consistent with a role 
for spermatozoa m regulating the movements of these cells 
Further mvesti^on is required to evaluate the ^e^ of 
senunal veside defidency on other potentially GM-CSF depen- 
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S^ft/f Ioc=J«.hon of RB6^ + neutophifc in ifae uted of ««ce Idfled ^ 10:00 l^IiOO h on Ae day of 

S^?v^^^e^.L Numerous .>e«bopbib ent<nsely^t^/el!r 

^r^rl "^v. endonieWsl stron» ^ Utw«n knnnuU epithelial «Us »ft« w^teUrt 

E^I^C^t'f 'V'^r'^^ Stained cdk; sn^ in (9) aUo evident m dl «cUons. Sm«S T^tZ 

v^^bci nud« (d) b..f no* v«id«fcfid«* n^\^ W. Sc^ b«s fcHc): 100 p« (d) aT^lS po. (/) «,d (gh 



273 



28/08 2003 15:05 FAX 61 3 92438333 



GRIFFITH HACK 



E1017 



274, 



400 




5. 7l RoberUon €± aL 



500 



400 



$ 300 - 



CO 

o 



200 



100 - - 
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^ e Gnmulocyt^oroph^ge colony stimulating activity (GM- 
CSF) in ^ninal vc^cle fluid « ^'fr^. A.:cessciy ghmd Smds Were 

^ cdk for 16 K, wfcen ti^ supenutefs wen. repUced with 

cSZL^- * ^ of -Petiutant. collected 

<ienote SisvSGant <liffei^o« betw^ Ifcalmcnfa (P<0005) 



^i^ers including the aitivafion sUte. secretory pn^file 
l^S^ "^"^^^^^ ^ '^^^^^ 

No evid^ wa5 obtained lo implicate accessory glands 
other than the s^nunal vesicle in GMXSF relea^ The p^ency 
of seminal v^ide fluid Mfy wa^ shown to vary deperuJiS 
on the sexual statu, of theWe. with .ctivc ^ tnaS^vin; 
a ^penor capacity to enhance GM<SF rekase fron, endomet 
naJ c^dJs compared with younr. inexperienod jcnales U is 
know^ thai testosterone has a critically important lole in 
regulating the size and fundion of the seminal vesides but Bie 
potency of acbvity W males cged in groups declined 
than impro^ after testosterone admlnisixBtion. suggcsfcii^g 
that ^the. the dose of testost^one chosen may h^ bee^ 
iruppropnatc or that other xegulaifng dc^eiminanls may also 
of in the seminal fluid content 

^vity may contribute to the con- 
siderable vaiiabi^ty in CM-C5F s>-nthcsis and the extent of tKe 
«.£^to^^ ^ ^ ^ 

mAted >vnth both intact ^d vasetlomiaed males. The precise 
stage of the oesfa-ous cyde and sy: tenuc immune parametet^ in 
the female may be additional determinant of the intensity of 
the inflammatory response after mating. 

ni^r^f^^ characterization of the nature of sexninal 
UJVI^ stimulating ^.ctMiy indicates that it is primarily 
" prot«naceous moiety of approximately 
65O 0O0 M^ In n^ost experiments oioacKvily was also assod 

to th^ 650 0001^ xnoicty. O^oroalographic purification of 
these proteins to homogeneity is currently undervsray and 
Wure studies will invesbgate the ir^herrdatlomhip between the 
vanous peaks of bioactivity. 



Separated^ Slud^ 



Unsepafated* + Testtjs- 
tenone* 

. 7, Effect of testosterone state an the fiianulocyt^iwcrophaPe 
colony stimolaline ^Wty (GM-42S=) in semznaJ veside fluid jL 
GM-CSF oulpt^ of endomefarial cdls &txn auce at oestzus after 
anoibation with seminia veside Bmd from testast^nc treated ( + tes- 
tosterone: « = 12} imtnrated 2-S<nQDth^ males h=pt in gmcips 
(unsepaiatcd; n UX ^-J^nonthKjd mice separated for 3 wedcs 
(separated- ii = 10} and 4rS5<ixontfw>ld m*fc stud (stud; ziuce 
are plotted » a percdritage of the ouipirt Bony endometiiai cells 
- cultured m medium ^ooc. Symbols (a) represent data fiom individu^ 
aninuls and median vahies are sooi«l Syinbois bdow the dotted 
have a cytokine content bdow the Hmit of dctecti<m for the bioassay 
p^ta were Coa^axed by Km^i^^iVallis ooe-u«y ANOV^V fallow.^ 
by Mann-Whitncy Rank Sum (Iwo^ed; test Djfocnt Irtfcc« 
denote significant dificrenoes between faeafanents (P< 0.021 



The sequence of events initialed by the adion of semen on 
the utei-ine epitliclium is analogous to the cytokine-mediatcd 
responses to inflammatory stimuli of other epitheHa, indnding 

tJie skin and aiways. In thefic tis^, an inflaminatoiy resporise 
precedes and fadJitates the e^nerdion of an effective immune 
response to potentially harrnhd initiatirig agents (Matzinger 
1994). However, the physiological significance of the uterinc> 
response to semen, and its itr^d on the success of implanta- 
tion and .placental femnation, lexsiains a topic <rf ^>cc«Iafa'on. In 
our preliminary experrmenls. pr^nandes sited by seminal 
veside defldent males weife less lifcely to result m viable 
implantations (four of ten mated mice had viable irnplantation 
sites at day 17 of pregnancy versus eight of d^t for intact 
rfuds), with comparable litter sizes in pregnant females 
(S. Robertson, unpublished)- Other stvudk-s in rodents show that 
although pregnancy can be initiated and may proceed in the 
absence of sercunBl plasma. (Blandan, 19451 seminal veside 
defidency in males severdy restiicb their fertiLty (Pang ef al 
1979; Queen d al.^ 19S1), The extent to whidi a dysregulated 
endometrial response to mating may be tKe cause of this 
reduction in fertility remains to be detennined, since vaginal 
plug formation and hence retention of fipcrmatozoa -within the 
uterine cavity is diminished in the absence of serriinal veside 
fluid (CarbaUada and Esponda, 1992). However, an additional 
role for s^lml veside fluid was suggested by the finding that 
fertility wa^ less severdy affeded when tlic coagulating glands 
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Fracfion number 

Fis. B- Scphacryl size cxdusion chronwtogn^hy of gramdocytc-inaaophage colony 

stumilating adivify (GM-CSF) fi»m the saninal vcsidcs of mioi Fluid aaHected froro the 
scmu lal vesidfis of 4-y^«iondv<ild shid mice and sokin^ in 6 mol guaiiKfiae HO 1 ^ \ and fiicn 
stibiccifia to chrooiatografAy tWigh ScpWyl S-40a Huied factions wt3« desaiicd over 
S^irosc 0-05 into DMEM culhired witii ocstrous endometrial for 16 h and then repbc^ 
witti frcd^ mcduim. The GM-<5F confent of supematanta coHerfcd 24!* ttcr are given as a 
pcarccrib^ of Ae content of aqx3nata^ 

alone The position of eluHon of molecular mass BtandanJs is shora at the Irqa of the fienre. 



wcr€ removed (Fang ^ «L I979L despite a similar necessity 
for coagtilating glands ^ seminal vesJdes in vgginal plug 
formation. 

The pre- znd peii-impiantation period of development is 
dearly of majjor imporfaiice in detennining the outcome of 
pregnancy, but ihc roks of Hie GM-CSF-ip^onsive, eado- 
metrial leucocyte populatitms in rite events of early prc-gnancy 
remain to be fully elnddaied. Neatcophih whidi inflitrairc the 
luminal cavity would ceitiinly have a liousekeeping' role in 
clearing die utenis of n^lundant ^^jennatozoa and micro- 
or^ganisms introduced at -jr-aling, and the possibility thai they 
are involved in sperm selection has ako been canvassed 
(Coher;, I9M). However, vre argue that the complexity of the 
inflammatory re^onsc aiix-r mating wodd afford the partici- 
pating leucocytes a more prcnactive role in the events leading 
to successful implanfaiion and placenUtioa Macrophages and 
granuloxrytes recruited int<. ihs endometrial stroma are cer- 
tainly well equipped to mediate in tissue remodelling events 
through the release of probiases and otlicr enzymes, and are a 
potent source of.a plethora of cytokines and immunorcgulatory 
molecules that regulate i^e differentiation and funaion of 
leucocytes and cells of other lineages. Local macrophages and 
dendriUc cells are dearly cipable of sampling and processing 
seminal antigens, some of v^hich are expressed by the placenta 
after implantatiori CThaler, 1969), since significant changes in 
the ceJldarity of lymph nod<is draining the uterus occur during 
the prc-implantaHon period of pregnancy (Beer and Billingham, 
1974; aarke, 1954). The nature and extent of immune 
responses in mucosal sites is highly responsive to the cytokine 
microenvironmcnt (Husband rf al^ 1994), presumably through 
influences on the phenotypc of local antigen-presenting cells. 



Tl*fi cffieds of seminal plasma on local cytoidne expression 
wotdd thus be.expeetcd to be ph^otal in eliciting the appropri- 
ate type of immune response to seminal anHgens and in setting 
the stage for the umnooobiology of pregnancy, perhaps 
^oij^ initiating T he^ oett type 2 responses (Wcgmann 
ef 1993) orT-cell tolerance to paternal major histocompat- 
ihiiity antigens CTafuri ^ nl, 199S).' Indeed si^port for the 
postulate that seminal plasma has a role in attenuating the 
immune response to spermatozoa in mice was provided by 
Beer and Bifiii^Tam (J974)^ with an intact ejaculate elidting 
hypertrophy of draining lyn^h nodes but not the trans- 
plantation immunity seen after seu£iti:5ation by intrauterine 
inoailafion of yfssb&d spennatozoa. 

The extent fro vdadtx Aese findings may be related to 
reproductive success in humans is unknown. Human uterine 
<^nthelial cdls synthesize many of the same cytokines made 
in rodent uteri indiiding GM-CSF (Giacomini ef aU 1995; 
Robertson tzl^ 1995), However, in humans, unlike rodents, 
lli^ semmal -material is deposited in the vagina and is largely 
exduded from the uterus by the cervix. Cbn^nents of seminal 
plasma are known to infiltiatc the uterine cavity in association 
with' spermatozoa, but if immunological priming occurs in 
draining lymji nodes, then arxtigen sampling may occur in 
association with leucocytosis at the cervcjc There is a body of 
evidence suggesting that cumulative exposure to seminal 
factors may specifically 'condition' the human reproductive 
tract for pregnancy (Marti and Hcmnarm, 1977; Need cf al, 
1963; Serhal and Crafi; 19B7X which is now being re-examined 
following recent daims that the inddence of both pregnancy- 
induced hypertension and pre-edampsia are inversely corre- 
lated with the lenglli of sesoxal cohabitation before conception 
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Department of Obstetrics and Gynaecology, University of Adelaide. South Australia. 



The activity of GM-CSF during early pregnancy in the murine uterine lumen in vivo and in media = 
conditioned by uterine cells in vitro has been assessed. GM-CSF was detected in uterine luminal " 
fluid recovered by lavage on the morning after syngeneic mating (median level 5.7 CFUc < 
U/uterus) and following mating with vasectomized (5.1 U/uterus) or allogeneic males (4.4 
U/uterus), with significantly lesser (P less than 0.05) amounts recovered from the uteri of I 
superovulated, mated mice. By contrast. GM-CSF was only detectable (greater than 0.5 U/uterus) I 
in the luminal fluid of three of 22 unmated oestrous mice examined. No activity was detected in [ 
secretions from male accessory glands including seminal vesicle, epididymis, prostate and [ 
coagulating gland (less than 0.5 U/gland). GM-CSF was found at higher levels in supematants r 
from cell monolayers prepared by tryptic digest of the uteri of Day 1 mated mice than those from 
unmated oestrous mice (P less than 0.05). Little GM-CSF was detected in supematants from 
ovariectomized mice. An alpha-GM-CSF poly valent antibody neutralized the FD5/12 bioassay 
response confirming the'identity of the lymphokine. The interieukins IL-2 and IL-3 were not 
detected in uterine luminal fluid nor in media conditioned by cell monolayers. We postulate that 
elevated uterine GM-CSF activity after mating is elicited by a non-sperm associated, non-MHC 
component of the ejaculate and synthesized by a hormone-responsive endometrial cell population. 
This cytokine may have an embryotrophic role or contribute to priming of the uterus for 
implantation. 
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